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ABSTRACT  
  
Vitamin D has proven to be an important factor in health through a plethora of 
studies. Tachysterol is a photoproduct of previtamin D with sun or ultraviolet radiation 
exposure.  While vitamin D is well known for its importance in bone health, the biologic 
function of tachysterol is unknown.  Many vertebrates and fungi can produce vitamin D 
from a precursor after UV irradiation or sun exposure, including white button 
mushrooms.  This project aims to determine if tachysterol might have a biologic function 
in white button mushrooms by determining if the disappearance of tachysterol2 was due 
to some active process in live mushrooms. 
To provide evidence that tachysterol serves a function, tachysterol2 disappearance 
in white button mushrooms was monitored after 24 hours.  The aim was to create 
conditions in a white button mushroom, including freezing and microwaving them to 
determine their effects on tachysterol2 disappearance at 24 hours.  The idea was that 
freezing or microwaving the mushroom would disrupt any metabolic process in the 
mushroom, providing a clue as to the mechanism of tachysterol2 disappearance.  The 
hypothesis was that freezing and microwaving the white button mushroom would cause a 
reduction in tachysterol2 disappearance.  To evaluate this, 1) white button mushrooms 
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were irradiated with ultraviolet radiation (UVB, 290nm-320nm), 2) an irradiated white 
button mushroom was frozen, and 3) an irradiated white button mushroom was 
microwaved.  These white button mushrooms were biopsied in triplicate, extracted, and 
run on high-performance liquid chromatography in order to determine the concentrations 
of tachysterol2 in the mushrooms.  A white button mushroom without UVB irradiation 
was biopsied in triplicate and extracted to confirm that the store-bought mushrooms did 
not contain tachysterol2.  A tachysterol2 standard was incubated in organic solvent to 
determine if tachysterol2 was stable. 
The results showed statistically significant decrease in tachysterol2 for the 
irradiated mushroom, the frozen irradiated mushroom, the microwaved mushroom 24 
hours after irradiation, compared to the standard tachysterol2 in organic solvent.  The 
decrease in tachysterol2 in the microwaved mushroom was 65% in 24 hours, which was 
not significantly less than in the irradiated mushroom and the frozen irradiated mushroom 
(p= 0.10 and 0.22, respectively).  The decrease in tachysterol2 for the frozen mushroom 
was 93%, which was not significantly less than the irradiated mushroom (p = 0.21).  
These findings suggest that microwaving a mushroom at 5mW and 60 seconds and 
freezing a mushroom does not significantly interfere with metabolic processes that may 
involve tachysterol2, although microwaving a mushroom trended towards less of a 
decrease in the tachysterol concentration. 
 
 
 
vii 
 
TABLE OF CONTENTS  
 
Title            i 
Reader’s Approval Page         ii 
Acknowledgements          iii 
Abstract           iv 
Table of Contents       vi 
List of Tables           vii 
List of Figures          viii 
List of Abbreviations          x 
Introduction           1 
 Vitamin D Sources        1 
Vitamin D Production  in Humans      1 
Vitamin D Metabolism       2 
Mode of Action of Vitamin D       3 
Functions of Vitamin D       4 
 Vitamin D2 in Mushrooms       5 
 Photoproduction of Tachysterol2 in White Button Mushrooms  6 
Methods           8 
Results           15 
Discussion           34 
Sample Key           36 
viii 
 
References           37 
Vita            40 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
ix 
 
LIST OF TABLES 
 
Table Title Page  
1 Irradiated mushroom, 0 and 24 hour samples. 20 
2 Irradiated and frozen mushroom, 0 and 24 hour samples.  25 
3 
4 
Irradiated and microwaved mushroom, 0 and 24 hour samples. 
Tachysterol concentrations for standard tachysterol in mobile 
phase. 
29 
32 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
x 
 
LIST OF FIGURES 
 
Figure  Title Page  
1 Comparison of 7-dehydrocholesterol, ergosterol, vitamin D3 and 
vitamin D2.  
2 
2 Isomerization of previtamin D2 and previtamin D3 3 
3 Molecular structure of tachysterol2. 7 
4 Irradiation of white button mushroom under the Xenon RC-500 
UV curing system. 
8 
5 Cork borer and biopsied mushroom. 10 
6 UV spectra of the previtamin D2, vitamin D2, tachysterol2, and 
ergosterol.  
12 
7 HPLC chromatograms of 0 hour baseline samples I, II, and III. 15 
8 HPLC chromatograms of the 24 hour samples IV, V, and VI. 16 
9 HPLC chromatograms of the 0 hour baseline irradiated white 
button mushroom samples. 
18 
 
10 HPLC chromatograms of the 24 hour irradiated white button 
mushroom samples. 
20 
11 HPLC chromatograms of 0 hour baseline frozen white button 
mushroom samples. 
23 
    12 HPLC chromatograms of 24 hour frozen white button 
mushroom samples. 
24 
xi 
 
13 HPLC chromatograms of 0 hour baseline microwaved white 
button mushroom samples. 
27 
14 HPLC chromatograms of 24 hour microwaved white button 
mushroom samples. 
29 
15 HPLC chromatograms of tachysterol2 in 0.3% IPA in hexane 
solution 0 hour baseline samples. 
31 
16 HPLC chromatograms of tachysterol2 in 0.3% IPA in hexane 
solution 24 hour samples. 
32 
17 Percentage of ergosterol and tachysterol2 remaining in white 
button mushroom 0 and 24 hours after irradiation. 
33 
18 Tachysterol stability at room temperature for three months. 34 
   
   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
xii 
 
ABBREVIATIONS 
 
HPLC   High Performance Liquid Chromatography 
UV   Ultraviolet 
UVB   Ultraviolet B 
 
 
 
 
 
 
 
 
 
 
 
 
 
1 
 
INTRODUCTION 
 
Vitamin D Sources 
 Humans have the ability to produce vitamin D3 in their skin when exposed to 
sunlight (this makes up a large percentage of how most people get their vitamin D).  
Another source of vitamin D for humans (and other vertebrae) is through the diet.  Few 
foods innately contain vitamin D, and some only contain a precursor.  The most common 
natural sources of vitamin D can be found in salmon, mackerel, sardines, some other oily 
fish and fish oils, egg yolk, irradiated yeast, and irradiated mushrooms (Holick, 2006
a
; 
Ko et al, 2008; Phillips et al, 2011; Phillips et al, 2012). Popular foods fortified with 
vitamin D include milk, orange juice, and yogurt (Holick, 2006
a
). 
Vitamin D Production in Humans 
 The vitamin D3 found in humans comes from the diet or is produced in the skin.  
The vitamin D precursor, 7-dehydrocholesterol, when exposed to ultraviolet B (UVB) 
radiation from the sun, undergoes a photochemical reaction that converts the precursor 
into an intermediate known as previtamin D3 (Holick 2004).  UVB is a portion of 
ultraviolet radiation with a spectrum of 290nm to 315nm that produces previtamin D3.  
When UVB induces the formation of previtamin D3, it immediately begins to rearrange 
its double bonds to become vitamin D3, or it can be converted to lumisterol3 or 
tachysterol3 by absorbing UVB photons (Holick, 2006
b
; Holick, 2007; Kalaras 2012). 
 Vitamin D2 is produced similarly, but its precursor is ergosterol.  Ergosterol has a 
double bond between carbons 22 and 23 and 7-dehydrocholesterol does not.  Ergosterol 
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also has an extra methyl group at carbon 24.  The comparison of 7-dehydrocholesterol to 
ergosterol can be seen in Figure 1.  When exposed to UV radiation, ergosterol converts 
to the thermodynamically unstable previtamin D2, which then isomerizes to vitamin D2, 
or absorbs photons to become lumisterol2 and tachysterol2, similar to when previtamin D3 
is exposed to UVB irradiation (Figure 2). 
 
Figure 1—Comparison of 7-dehydrocholesterol, ergosterol, vitamin D3 and vitamin D2.   
 
Vitamin D Metabolism 
 Vitamin D in humans is metabolized by the liver to 25-hydroxyvitamin D, 
[25(OH)D], which is then metabolized to 1,25-dihydroxyvitamin D, [1,25(OH)2D], in the 
kidneys.    No subscript for vitamin D indicates vitamin D2 or vitamin D3.  25(OH)D 
levels are a clinical measurement used to indicate one’s vitamin D status.   30ng/mL to 
100ng/mL is considered a safe range, 21ng/mL –29ng/mL is considered vitamin D 
insufficient, and 20ng/mL or less is considered vitamin D deficient (Holick, 2007; Holick 
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2010).  The reason 25(OH)D levels are used for clinical testing is because it is the major 
circulating form.  With the help of parathyroid hormone, 1,25(OH)2D levels are 
constantly being maintained by the kidney, so even when vitamin D deficient, 
1,25(OH)2D levels can appear normal or even elevated.  In order to travel in the blood, 
vitamin D, 25(OH)D, and 1,25(OH)2D attach to a vitamin D-binding protein (DBP). 
 
Figure 2—Isomerization of previtamin D2 and previtamin D3.  This figure shows the 
different molecules involved with formation of vitamin D.  In the middle of the figure is 
previtamin D, which is thermodynamically unstable and can isomerize to vitamin D to 
increase stability, or can absorb UVB photons to become lumisterol or tachysterol.    
Toxisterols are produced with extended UVB irradiation. 
Mode of Action of Vitamin D 
 Once in the cell, 1,25(OH)2D  binds to the vitamin D receptor (VDR).  VDR-
1,25(OH)2D binds to retinoic-x-receptor (RXR) and acts as a heterodimer.  The  
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1,25(OH)2D-VDR-RXR complex acts on the vitamin D response element of target genes 
in various tissues such as bones, intestines, hair follicles, the epidermis, and the brain 
(Holick, 2007; Bikle, 2009). 
Functions of Vitamin D 
Vitamin D and Bone Health 
 One reason that vitamin D is such a vital part of health is its ability to prevent 
rickets (Holick, 2004
a
; Holick, 2006
 a
; Holick, 2006
 b
; Holick et al, 2009; Holick, 2011).  
Another well-known reason that people are concerned about getting sufficient vitamin D 
is the link between vitamin D and bone strength in general.  The “Got Milk?” and “Want 
Strong Bones” advertisements that first became popular in the 1990s continue to teach 
the majority of the population that vitamin D and calcium helps build strong bones. 
Vitamin D achieves improves bone health when its active form increases the 
absorption of calcium and phosphorus from the diet into the blood, which are both 
necessary in order to improve bone mineralization (Holick, 2007).  The importance of 
calcium ingestion is shown during calcium insufficiency, an instance when 1,25(OH)2D 
will indirectly induce bone cells (osteoclasts) to break down bone in order to free some 
calcium and phosphorus into the blood (Holick 2007). 
Vitamin D and the Immune System 
White blood cells are one of the many cells in the human body that have a 
receptor that responds to 1,25(OH)2D.  Monocytes, macrophages, and activated T and B 
lymphocytes all have the VDR (Manolagas et al., 1985; Mathieu, 2002; Holick, 2004
b
).  
Since 1,25(OH)2D has been shown to have an effect on white blood cells, one can assume 
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it has the potential to have an effect on autoimmune diseases.  1,25(OH)2 D3 and its 
analogs have been used as an effective treatment for psoriasis (Holick, 1998).  High 
levels of serum 25(OH)D have been shown to be associated with a reduced risk of 
developing multiple sclerosis and type 1 diabetes (Chiu et al., 2004; Munger et al., 2004).   
Vitamin D and Cancer 
It has been observed that when levels of 25(OH)D are below 20 ng/mL (vitamin 
D deficiency), then the risk of incidence of colorectal, prostate and breast cancers 
increases (Ahonen et al., 2000; Feskanich et al., 2004; Gorham et al., 2005; Garland et 
al., 2006; Giovannucci et al., 2006).  This association may exist because 1,25(OH)2D has 
been shown to induce apoptosis and inhibit angiogenesis for malignant cancer cells 
(Holick & Garabedian, 2006; Holick, 2006
b
; Gorham et al., 2005; Mantell et al., 2000) . 
Major Types of Vitamin D 
 The two major types of vitamin D are vitamin D2 and vitamin D3.  Vitamin D3 is 
the form made in the skin of humans and other vertebrates, while vitamin D2 is the form 
made in mushrooms (Kalaras et al, 2012).  Vitamin D2 and vitamin D3 are not the only 
two forms in existence.  It is well known that there are six types of vitamin D (Philips et 
al, 2011).  But again, vitamin D2 and vitamin D3 are the most abundant from their 
respective sources (mushrooms and humans, respectively).  Currently, the literature 
shows that vitamin D2 is as efficient at raising 25(OH)D levels as vitamin D3, in contrast 
to findings in 2012 (Logan et al., 2012; Biancuzzo et al., 2013). 
 Vitamin D2 in Mushrooms 
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Mushrooms belong to the Fungi kingdom and the Basidiomycota division.  
Mushrooms naturally contain an abundant source of ergosterol.  UVB rays penetrate into 
the mushroom cap and ergosterol is converted into previtaminD2.  Previtamin D2 
rearranges double bonds to become vitamin D2, similar to how previtamin D3 isomerizes 
to vitamin D3.  PrevitaminD2 can also absorb UVB photons to convert to lumisterol2 or 
tachysterol2 (Kalaras et al, 2012, Keegan et al., 2013).  Maitake, shiitake, oyster, crimini, 
portabella, chanterelle, white button, enoki, and morel mushrooms all have high contents 
of ergosterol (Phillips et al., 2011).  The literature has focused more on shiitake and white 
button mushrooms because of their popularity worldwide.  White button mushrooms 
were studied because of its availability in Boston supermarkets.  
Photoproduction of Tachysterol2 in White Button Mushrooms 
White button mushrooms naturally contain ergosterol.  When irradiated for five 
minutes using a Xenon RC-500B Curing System, previtamin D2, lumisterol2, and 
tachysterol2 are formed.  Vitamin D2 is formed from previtamin D2 by a temperature 
dependent process.  It was observed in white button mushrooms that tachysterol2 
disappeared 24 hours after irradiation (Keegan et al., 2013). 
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Figure 3—Molecular structure of tachysterol2. 
 
 This project aimed to discover whether white button mushrooms metabolize 
tachysterol2, or if tachysterol2 disappears in white button mushrooms after 24 hours post 
UVB irradiation due to its instability.  This was done by using two different methods to 
disrupt the metabolism and viability of the mushroom. 
To investigate if tachysterol2 was being used in some way by the mushroom, 
conditions were created that would potentially affect the utilization of tachysterol2 24 
hours after irradiation.  This was compared to tachysterol2 kept in organic solvent for the 
same amount of time to determine its stability. 
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METHODS 
 
Mushrooms Used in the Experiments 
The white button mushrooms used for this project were obtained from a local 
supermarket in Boston, MA.  From the purchase of the white button mushrooms at the 
supermarket until the controlled UV irradiation which occurred in the laboratory, the 
white button mushrooms were protected from UV exposure.  In order to protect the 
mushrooms from UV exposure, the mushrooms were wrapped in a dark-brown grocery 
bag and the bag was placed inside of a backpack.  Pre-purchase exposure was checked for 
by extracting mushroom biopsies and checking for photoproducts.  Only ergosterol was 
found, therefore, it was assumed that the other mushrooms in the batch were not exposed 
to UV radiation before the purchase. 
Irradiation 
UV irradiation was performed with a Xenon RC-500 pulsed UV curing system.  
UVB radiation was used.  Each mushroom was irradiated for five minutes 3.5 inches 
away from the UVB lamp (Figure 4).  The output of the lamp was 126,000mJ/cm
2
. 
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Figure 4—Irradiation of white button mushroom under the Xenon RC-500 UV curing 
system. 
Conditions 
The content of tachysterol2 in a white button mushroom 0 hours (immediately) after 
irradiation and 24 hours after irradiation was measured by collecting biopsies in triplicate 
for each mushroom condition.  The biopsies were extracted at both 0 hours and 24 hours 
for every condition.  To prepare each extract, biopsies were performed at the appropriate 
time and homogenized in 3mL methanol.  In all, the five conditions in this experiment 
were: 
1. White button mushroom not irradiated. 
2. Irradiated white button mushroom. 
3. Irradiated white button mushroom, frozen for 12 hours at -80oC. 
4. Irradiated white button mushroom, microwaved at approximately 5mW for 60 
seconds. 
5. Standard tachysterol2 kept in an organic solvent. 
10 
 
Biopsies 
For each condition, biopsies were taken from the same white button mushroom. 
Three biopsies were obtained at 0 hours and 24 hours.  The mushroom biopsies were 
obtained with a cork borer with diameter of approximately 0.5cm.  The thickness of the 
biopsy was trimmed with a scalpel to 1-2mm, with the mushroom cap surface remaining 
completely intact.   
 
Figure 5—Cork borer and biopsied mushroom. 
The irradiated mushroom biopsies weighed between 21.8mg and 39.9mg.  The 
frozen mushroom biopsies weighed between 31.8mg and 53.5mg.  The microwaved 
mushroom biopsies weighed between 32.2mg and 74.8mg. 
Extraction 
Each mushroom sample was homogenized separately in 3 mL methanol with a 
glass tissue grinder.  Once a sample was homogenized, it was transferred to a screw cap 
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test tube, and centrifuged for 5 minutes.  After being centrifuged, the liquid layer was 
transferred to an open glass test tube and the precipitate was discarded.  The solution was 
left to dry in the glass test tube with nitrogen gas for approximately 20-35 minutes until 
fully dried.  1mL of 0.3% isopropyl alcohol (IPA) in hexane was added to the dried test 
tube and stirred for approximately 10 seconds for each sample.  The new solution was 
transferred to a mini centrifuge vial and centrifuged again for 2 minutes at 12,000 rpm.  
The liquid layer was transferred to a High-Performance Liquid Chromatography (HPLC) 
vial, while the precipitate was discarded. 
Storage 
Once each extraction was completed and transferred to the HPLC vial, it was 
stored in a freezer at -20 C
o
 in an HPLC vial of 1 mL 0.3% isopropyl alcohol in hexane. 
High Performance Liquid Chromatagraphy (HPLC) 
A high performance liquid chromatograph stacked Agilent 1100 attached to a 
photodiode detector was used to determine and analyze the photoproducts taken from 
extractions.  The photoproducts were identified according to their UV absorption 
spectrum and retention times.  In order to run samples through the HPLC, it was 
necessary to dissolve the samples in a mobile phase that corresponds with the HPLC 
column used.  
The solvent used as mobile phase was 0.3% IPA in hexane solution.  The column 
was an HPLC Agilent Zorbax CN column (5µm spherical nitrile gel).  The CN column 
was used to resolve tachysterol2.  Previtamin D2 coelutes with lumisterol2 using a CN 
column.  A sample of the separation from the CN column can be seen in Figure 6.  The 
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flow rate was 1.0mL/min, with a stop time ranging from 14-20 minutes, depending on the 
condition, and an injection volume of 100µL. 
Each chromatogram from the HPLC displayed peaks that were identified by their 
respective signature UV absorbance spectra, which can be seen in Figure 6. 
 
Figure 6—UV spectra of the previtamin D2, vitamin D2, tachysterol2, and ergosterol.  The 
absorbance peaks are labeled (PD= previtamin D2; D= vitamin D2; T= tachysterol2; E= 
ergosterol).  Although previtamin D2 and lumisterol2 coeluted when run on normal phase 
CN column HPLC, its UV absorbance spectrum in this figure matches that of previtamin 
D2, which would indicate that there is very little or no lumisterol2 that eluted. 
 
Mushroom (without Irradiation) 
 Biopsies were taken from one white button mushroom cap surface at 0 hours and 
24 hours.  Extractions were made from each biopsy.  Each sample was analyzed by 
HPLC.  This was done in order to ensure that the extraction method and solvent 
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preparation was performed properly without contamination of the sample or mobile 
phase, and also to get a standard retention time for ergosterol. 
Irradiated Mushroom 
 One white button mushroom cap was irradiated and immediately biopsied.  Three 
biopsies were taken immediately for the 0 hour time point.  The mushroom was placed in 
an open plastic bag and left at room temperature and three biopsies were taken 24 hours 
later.  Extractions were made from each biopsy.  Each sample was analyzed by HPLC. 
Irradiated and Frozen Mushroom 
One white button mushroom cap was irradiated and immediately transferred to a 
freezer and was left to freeze overnight at -80
o
C for 12 hours.  The following morning, 
the mushroom was sealed in clear plastic bag and placed in a warm water bath at about 
45
o
C until fully thawed.  Once fully thawed, three biopsies were taken immediately for 
the 0 hour time point.  The mushroom was left at room temperature and three biopsies 
were taken once again 24 hours later.  Extractions were made from each biopsy.  Each 
sample was analyzed by HPLC.  This part of the experiment was done to see if freezing 
the mushroom, thus presumably lysing the cells, would have any effect on tachysterol2 
levels. 
Irradiated and Microwaved Mushroom 
One white button mushroom cap was irradiated and then microwaved at about 
5mW for 60 seconds.  Immediately after microwaving, three biopsies were taken at 0 
hours.  The mushroom was left in an open plastic bag at room temperature and three 
biopsies were taken 24 hours later.  Extractions were made from each biopsy.  Each 
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sample was analyzed by HPLC.  This experiment was done in order to determine if 
microwaving the mushroom, thus presumably denaturing the enzymes within the 
mushroom, would have an effect on tachysterol2 levels. 
Standard Tachysterol2 in Organic Solvent 
Six 1mL 0.5µg/ml tachysterol2 in methanol were dried down and redissolved in 
1mL of  0.3% IPA in hexane in order to prepare the three 0 hour  samples and three 24 
hour  samples.  The 0 hour samples were transferred to HPLC vials and analyzed on 
HPLC immediately.  The 24 hour samples were left at room temperature for 24 hours, 
dried down, and redissolved in 1mL of 0.3% IPA in hexane.  The 24 hour samples were 
dried down and redissolved in 1 mL of 0.3%IPA in hexane in order to ensure that 
evaporation of mobile phase was not responsible for affecting the concentration of 
tachysterol2.  This was done to determine the stability of tachysterol2. 
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RESULTS 
 
Mushroom without Irradiation 
 For the 0 hour (baseline) samples, I, II, and III (Figure 7), and for the samples 
biopsied and extracted 24 hours later, IV, V, and VI (Figure 8), only ergosterol was 
present. 
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Figure 7—HPLC chromatograms of 0 hour baseline samples I, II, and III.  “E” represents 
ergosterol. 
 
 
Figure 8—HPLC chromatograms of the 24 hour samples IV, V, and VI.  “E” represents 
ergosterol. 
 
Irradiated Mushroom 
At 0 hours, tachysterol2 was present without the presence of vitamin D2 in the 
irradiated white button mushroom (Figure 9).  Ergosterol, lumisterol2, (possibly), and 
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previtamin D2 were also present (lumisterol2 and previtamin D2 co-eluted when run on 
this HPLC system).   
Each of the 0 hour samples showed that tachysterol2 was present (Figure 9).  
Samples a, b, c, d, e, and f are all from the same white button mushroom.  Samples a, b, 
and c are extractions of biopsies taken at 0 hours, while samples d, e, and f are extractions 
of biopsies taken at 24 hours.  The mushroom, at 24 hours, showed signs of slight 
necrosis with light brown spots on its surface. 
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Figure 9—HPLC chromatograms of the 0 hour baseline irradiated white button 
mushroom samples.  The “T” represents the absorbance peak of tachysterol2, “PD/L” 
represents the coelution of previtamin D2 and lumisterol2, and “E” represents ergosterol.  
The chromatogram shows absorbance in miliabsorbance units (mAU) as a function of 
retention time.  Samples a, b, and c are three different samples of an irradiated and 
extracted white button mushroom. 
 
The x-axis in the chromatograms is retention time in minutes (min), while the y-
axis is absorbance in miliAbsorbance Units (mAU).  To determine the concentrations of 
19 
 
tachysterol2 and ergosterol, a conversion factor of 4.8 and 9.9, respectively, were 
multiplied with the area the peak of each photoproduct.  The conversion factors were 
taken from a standard curve.  
Figure 10 shows the contents of the white button mushroom after 24 hours.  It 
can be seen that tachysterol2 has either completely disappeared or that its amount is so 
small it cannot be detected by the HPLC detector in all three biopsies.  The detection 
minimum for ergosterol is about 50ng/mL, while the minimum for tachysterol2 is about 
24ng/mL.  
20 
 
 
Figure 10—HPLC chromatograms of the 24 hour irradiated white button mushroom 
samples.  The “PD/L” represents the coelution of previtamin D2 and lumisterol2, “D” 
represents vitamin D2, and the “E” represents the absorbance peak of ergosterol.  The 
chromatogram shows absorbance as a function of retention time.  Samples d, e, and f are 
three different samples of an irradiated and extracted white button mushroom. 
 
The data for ergosterol and tachysterol2 of each sample in the figure can be seen 
in (Table 1).  The mean of ergosterol per weight of white button mushroom cap biopsy at 
0 hours was 904.4ng/mg ± 45.8ng/mg.  At 24 hours, the mean was 918.6ng/mg ± 
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47.1ng/mg.  There is no statistically significant difference between ergosterol levels at 
baseline and at 24 hours after irradiation (p = 0.36).  One-tail, type one t-tests were used 
to test for statistical significance. 
The mean of tachysterol2 per weight of white button mushroom cap biopsy at 0 
hours was 20.5ng/mg ±2.8ng/mg.  After 24 hours, no detectable tachysterol2 was 
observed in the HPLC (Figure 10).  The decrease in tachysterol2 after 24 hours is 
statistically significant (p = 0.003).   
 
 
Table 1—Irradiated mushroom, 0 and 24 hour samples.  The amounts were derived from 
the area under the absorbance peak.  Samples a, b, and c represent the 0 hour time point 
and d, e, f represent the 24 hour time point. 
 
Frozen Irradiated Mushroom 
Once fully thawed, the white button mushroom that had been irradiated and then 
frozen, shrunk in size and had signs of enzyme browning.  Enzyme browning is a 
22 
 
browning of the skin that is a result of freezing (Gowen et al, 2008).  Thawed mushrooms 
biopsies were waterlogged due to the mushroom thawing in an open plastic bag. 
 For the 0 hour samples g, h, and i, there are unknown peaks because they do not 
migrate  as ergosterol, previtamin D2, vitamin D2, lumisterol2, nor tachysterol2 (Figure 
11).   Tachysterol2 was present and detected by HPLC in all three of the 0 hour samples.  
Samples g, h, and i were biopsied immediately after thawing, and samples j, k, and l 
(Figure 12) were biopsied 24 hours after thawing. 
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Figure 11—HPLC chromatograms of 0 hour baseline frozen white button mushroom 
samples.  The “T” represents tachysterol2, the “D” represents vitamin D2, the “PD/L” 
represents the coelution of previtamin D2 and lumisterol2, and the “E” represents 
ergosterol.  The chromatogram shows absorbance as a function of retention time.  
Samples g, h, and i are three different samples of an irradiated, frozen, thawed, and then 
extracted white button mushroom. 
  
At 24 hours after irradiation, the thawed white button mushroom was much more 
shriveled than it was immediately after irradiation.  It had a substantial increase in 
enzyme browning as well, to the point where the whole mushroom cap was brown.  For 
the 24 hour samples, tachysterol2 was detected in sample j (Figure 12).  In sample k and 
sample l, tachysterol2 was not recorded by the detector, but a peak was observed that 
migrated in the same position as tachysterol2 (Figure 12). 
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Figure 12—HPLC chromatograms of 24 hour frozen white button mushroom samples.  
The “T” represents tachysterol2, the “D” represents vitamin D2, the “PD/L” represents the 
coelution of previtamin D2 and lumisterol2, and the “E” represents ergosterol.  The 
chromatogram shows absorbance as a function of retention time.  Samples j, k, and l are 
three different samples of an irradiated, frozen, thawed, and then extracted white button 
mushroom. 
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In sample k (Figure 12), a peak was observed where tachysterol2 normally migrates, but 
the detector could not detect it because the concentration was below the detection limit, 
which is about 50ng/mL for tachysterol2.  Also in sample k, a small peak that migrated 
slightly earlier than ergosterol was observed.  Its UV absorbance spectrum was 
unrecognizable.  Sample l had a peak at the same retention time for tachysterol2 (about 13 
minutes) but its concentration was under the HPLC detection limit.   
 The amount of ergosterol and tachysterol2 in each sample of frozen white button 
mushroom is included in Table 2.  The mean of ergosterol in the mushroom cap biopsy at 
0 hours was 2.1µg/mg ± 0.5µg/mg, while the mean 24 hours later was 1.6µg/mg ± 
0.9µg/mg.  There is no statistically significant difference between ergosterol levels at 
baseline and at 24 hours after irradiation (p =0.15). 
The mean of tachysterol2 in the mushroom cap biopsy at 0 hours was 5.8ng/mg ± 
0.9ng/mg.  The mean at 24 hours was 0.5ng/mg ± 0.9ng/mg.  The decrease of 93% 
tachysterol2 after 24 hours was statistically significant (p=0.0004). 
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Table 2—Irradiated and frozen mushroom, 0 and 24 hour samples.  The amounts were 
derived from the area under the absorbance peak.  Samples g, h, and i represent the 0 
hour time point and j, k, l represent the 24 hour time point. 
 
Irradiated and Microwaved Mushroom 
The microwaved white button mushroom browned and shrunk in size after 
microwaving.  The browning was presumably a result of the mushroom boiling in the 
microwave oven. 
The three biopsies at the 0 hour time point each contained tachysterol2 amounts 
prominent enough to be detected by HPLC (Figure 13).  Microwaved samples m, n, and 
o were 0 hour samples, while p, q, and r were 24 hour samples.  The UV absorbance 
spectrum for tachysterol2 in samples m, n, and o all were identical to standard 
tachysterol2. 
27 
 
 
 
  
Figure 13—HPLC chromatograms of 0 hour baseline microwaved white button 
mushroom samples.  The “T” represents tachysterol2, the “D” represents vitamin D2, the 
“PD/L” represents the coelution of previtamin D2 and lumisterol2, and the “E” represents 
ergosterol.  The chromatogram shows absorbance as a function of retention time.  
Samples m, n, and o are three different samples of an irradiated, microwaved, and then 
extracted white button mushroom. 
 
At 24 hours, the white button mushroom had browned completely much like the 
frozen and thawed white button mushroom.  At this point, tachysterol2 was still present 
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on HPLC in two out of three samples.  The chromatograms for the 24 hour samples can 
be seen in Figure 14. 
 
 
  
 
Figure 14—HPLC chromatograms of 24 hour microwaved white button mushroom 
samples.  The “T” represents tachysterol2, the “D” represents vitamin D2, the “PD/L” 
represents the coelution of lumisterol2 and previtamin D2, and the “E” represents 
ergosterol.  The chromatogram shows absorbance as a function of retention time.  
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Samples p, q, and r were three different samples of an irradiated, microwaved, and then 
extracted white button mushroom. 
 
Tachysterol2 was present in sample p and sample q.  The miniscule bump in 
sample r at the location where tachysterol2 normally elutes was too small of a 
concentration for the HPLC to detect a UV absorbance spectrum peak. 
The data for ergosterol and tachysterol2 can be seen in Table 3.  The mean of 
ergosterol per weight of white button mushroom cap biopsy was 748.8ng/mg ± 
124.6ng/mg at 0 hours and 724.3ng/mg ± 98.5ng/mg at 24 hours.  The difference in 
ergosterol 24 hours after baseline was not statistically significant. 
The mean of tachysterol2 in the mushroom cap biopsy at 0 hours was 4.1ng/mg ± 
1.1ng/mg.  The mean at 24 hours was 1.2ng/mg ± 1.0.  The decrease of 65% tachysterol2 
at 24 hours after irradiation was statistically significant (p=0.046). 
 
Table 3—Irradiated and microwaved mushroom, 0 and 24 hour samples.  The amounts 
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were derived from the area under the absorbance peak.   Samples m, n, and o represent 
the 0 hour samples and p, q, r represent the 24 hour samples. 
 
Standard Tachysterol2 in Organic Solvent 
 The peaks for the 0 hour samples of tachysterol2 in 0.3% IPA in hexane can be 
seen in Figure 15.  The standard was pure because tachysterol2 since the only peak that 
was observed had a UV absorption spectrum identical to tachysterol2. 
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Figure 15—HPLC chromatograms of tachysterol2 in 0.3% IPA in hexane solution 0 hour 
baseline samples.  Tachysterol2 is present in all three 0 hour samples (as samples s, t, and 
u), represented by the “T.” 
 
 Tachysterol2 was observed in the 24 hour samples in Figure 16.   
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Figure 16—HPLC chromatograms of tachysterol2 in 0.3% IPA in hexane solution 24 
hour samples.  Tachysterol2 is present in all three 24 hour samples (samples v, w, and x), 
represented by the “T.” 
Tachysterol2 concentrations were determined for each sample in Table 4. 
The mean concentration of tachysterol2 in organic solvent at 0 hours t was 
305.8ng/mL ± 50.1.  The mean concentration of tachysterol2 in organic solvent at 24 
hours after the initial reading was 242.2ng/mL ± 19.6.  The decrease of 21% tachysterol2 
after 24 hours is statistically significant (p=0.046). 
 
Table 4—Concentrations for standard tachysterol2 in organic solvent.  The 0 hour 
samples are s, t, and u.  The 24 hour samples are v, w, and x.  “Standard T” indicates a 
tachysterol2 standard was used (concentration at about 500ng/mL), and “OS” indicates 
that it was in organic solvent (0.3% IPA in hexane).  The contrasting concentration for 
sample t is most likely the result of an error while creating the sample. 
 
 
.  
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Figure 17—Percentage of ergosterol and tachysterol2 remaining in white button 
mushroom 0 and 24 hours after irradiation.  “Irradiation” indicates the white button 
mushroom irradiated for five minutes.  “Freezing” represents the white button mushroom 
irradiated for five minutes and frozen.  “Microwaving” is the white button mushroom that 
was irradiated for five minutes and microwaved for 60 seconds.  “Organic Solvent” 
represents the standard tachysterol2 kept in organic solvent.  The error bars represent 
standard error of mean. 
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DISCUSSION 
The change in ergosterol 24 hours after irradiation was not statistically significant 
in the irradiated mushroom (p = 0.36), frozen irradiated mushroom (p = 0.15), and 
microwaved irradiated mushroom (p = 0.43), showing that in all three conditions, 
ergosterol remained constant.  There was a 100% decrease in tachysterol2 in irradiated 
mushroom (p=0.003), a 93% decrease in frozen irradiated mushroom (p=0.0003), a 65% 
decrease in microwaved irradiated mushroom (p=0.046), and a 21% decrease in organic 
solvent, suggesting that freezing and microwaving the white button mushrooms did not 
succeed in significantly disrupting any metabolic processes that may be responsible for 
the decrease in tachysterol2.  The small significant tachysterol2 decrease for the standard 
kept in organic solvent may be the result of an error because it has been shown that 
tachysterol remained stable in organic solvent for months (Figure 16).   
 
Figure 18—Tachysterol stability at room temperature for three months. 
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Although the decrease of tachysterol2 in organic solvent after 24 hours was 
significant, a significantly higher percentage of tachysterol2 remained in organic solvent 
after 24 hours than in the irradiated mushroom (p=0.001), the frozen irradiated mushroom 
(p=0.002), and the microwaved irradiated mushroom (p=0.02).  Therefore, the decrease 
observed in the mushroom cannot be explained by its instability, per se. 
Even though it was not proven to be statistically significant, the 100% 
tachysterol2 decrease of the irradiated mushroom 24 hours post irradiation was reduced to 
65% tachysterol2 decrease post irradiation by microwaving the mushroom, while freezing 
the mushroom  hardly reduced the tachysterol2 decrease (to 93% ) 24 hours post 
irradiation.  This suggests that microwaving a mushroom might have some effect on the 
biological processes potentially involved with tachysterol2 decrease in mushrooms.  
 Despite freezing and microwaving mushrooms, it still remains unknown whether 
tachysterol2 disappearance is due to some active live process occurring in mushrooms.  If 
it can be shown that microwaving a white button mushroom significantly reduces 
tachysterol2 decrease 24 hours after irradiation, it will serve as an indicator that there is a 
biologic process that influences tachysterol2 decrease.   
Further investigation is needed to show that tachysterol2 has a function within the 
mushroom, and whatever uses tachysterol2 was made dysfunctional by being 
microwaved. 
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SAMPLE KEY 
 
 Sample I = no irradiation 0 hour sample 
 Sample II = no irradiation 0 hour sample 
 Sample III = no irradiation 0 hour sample 
 Sample IV = no irradiation 24 hour sample 
 Sample V = no irradiation 24 hour sample 
 Sample VI = no irradiation 24 hour sample 
 Sample a = 5 min irradiation 0 hour sample 
 Sample b= 5 min irradiation 0 hour sample 
 Sample c = 5 min irradiation 0 hour sample 
 Sample d = 5 min irradiation 24 hour sample 
 Sample e = 5 min irradiation 24 hour sample 
 Sample f = 5 min irradiation 24 hour sample 
 Sample g = frozen irradiated 0 hour sample 
 Sample h = frozen irradiated 0 hour sample 
 Sample i = frozen irradiated 0 hour sample 
 Sample j = frozen irradiated 24 hour sample 
 Sample k = frozen irradiated 24 hour sample 
 Sample l = frozen irradiated 24 hour sample 
 Sample m= microwave irradiated 0 hour sample 
 Sample n= microwave irradiated 0 hour sample 
 Sample o= microwave irradiated 0 hour sample 
 Sample p= microwave irradiated 24 hour sample 
 Sample q= microwave irradiated 24 hour sample 
 Sample r= microwave irradiated 24 hour sample 
 Sample s= tachysterol2 in organic solvent 0 hour sample 
 Sample t= tachysterol2 in organic solvent 0 hour sample 
 Sample u= tachysterol2 in organic solvent 0 hour sample 
 Sample v= tachysterol2 in organic solvent 24 hour sample 
 Sample w= tachysterol2 in organic solvent 24 hour sample 
 Sample x= tachysterol2 in organic solvent 24 hour sample 
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